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NONLINEAR POTENTIAL FLOWS 



0> 

C 

a> 

o 


o 

L. 

<3 

a> 

if) 

a> 

at 


if) 

a> 

E 

< 

< 

co 

< 


■o 

a> 

Q- 

a 

< 



U) 



CO 

< 

o 

o 

o 

LU 


{2 $ 

o .E 

U) 
C3 c 

3 UJ 
a. "D 

IS 

O if) 


c 

o 

(0 

if) 


0) 

O 

c 

a> 

■ M 

o 


P> CO 


c 

'5 

Q. 

CO 

<3 

c 

o 

a) 

o 

03 

CQ 


D) 

C 

o 

o 


c 

<3 

a> 

Q. 

O 

L_ 

3 

LU 


September 11-14, 2000 



OBJECTIVES 


§ z 

j < < 

H > o 

U_ 


H £ ^ 
Q. LI O 


u- t 

Q § 
LU ^ 

<0 iu 

S 59 


CL h- 

O z 


2 

HI 


o 

0. 

o 


< 

Q_ 

s 
o 

0 

(0 

1 

o 

LU 7 


H 

< 

LU 

QC 

O 


LU 

01 


O 

OH 


LU 

O 


LU 

O 

O 

H 


2 

LU 

Z 

LU 

o 


g 

>- 

o 

o 

-J 

o 

o 

o 

X 

H 

LU 


I— ^ 

o o 

Z> <0 

£ s 
r" mi 

< m 

k£ 

S O 

o W 

-J o 
U. Z 

a: < 
lu > 
> Q 
O < 


LU 



O £ 
OH < 

< i 

z 5 

OH £ 


LU 0 

2 55 

LU 


O 

LU 

a: 

>■ 


< 

o 


Q 

Q 

Z 

< 

CO 

<0 

>- 


o ^ 

gl 



Q 

0 

01 
LU 
< 

OH 

O 

LL 


CRUISE CONDITIONS) 



NUMERICAL APPROACH 

J. OF AIRCRAFT, VOL. 35, MAY-JUNE 1998 


UJ 

I- 


^ UJ 

25 


Li. 

LU 

> 

h- 

< 

> 

O' 

LU 

</) 

Z 

o 

o 


o 

H 

< 


O 

on 

o 

o 

o 

O' 

< 

LU 


O' 

3 

O 

o 

H 

Q 

LU 

0. 

0. 

< 


O 

O 

< 

O' 

LU 

Q 

o' 

O 

■ 

a 

z 

0 


LU 

S 

LU 

X 

o 

<0 

o 


o 


a 

LU 

(«) ^ UL = 


Z O 
Q£ I— 
LU < 
> 3 

o a 

O LU 


LU 

O' 

LU 

LL 

UL 

Q 


< 

I- 

< 

0. 

CO 


o 


z 


LU 

■ ■ 

O' 

CO 

LU 

z 

UL 

LL 

o 

Q 

H 

0 . 

-1 

o 

< 

£ 

Q 

1 - 

g 

Z 

H 

LU 


O 

§ 

> 

o 

& 

J 

o 

LL 

-J 

LL 

O 

g 

z 

o 

z 

CO 

o 

O' 

CO 

LU 

00 

Q. 

3 

3 

CO 

CO 

♦ 

♦ 


a: 

LU 

H 


o t 
P o 

3 "j 

o | 
<0 § 

< >- 
0 — ! 




a Q 


a. o. ill 
=> = 2 
a: o' lu 

LU UJ I 

Q Q o 

a. £ « 

9 9 z 

c/) z O 

t- CN — 

♦ ♦ < 

O' 

LU 

H 


CO 

z 

o 

t 

S /A Q 


.. co 

Z Q 

O 5 
P O 

Si 

Z LU LU 
H 0 
0 ' 0 . 
< >- 
O X 


CO 

g 

O' 

0 


LU 

O 

g 

a: 

o 


♦ ♦ 


o 

o 

£ 

< 

Q 


O 

00 


LU 

Z 

3 

0 . 

£ 

tu 


>■ 

CO 

Q 

z 

< 

LU 

o 

< 
Li. 
C £ 

CO 

0 


< 

>- 

o 

z 

LU 

0 


5 

o 

_i 

LL 

♦ 


♦ ♦ 


OUTER BOUNDARY FIXED AT FREESTREAM 
ZERO-SLOPE ON CORRECTION AT OUTFLOW 
USUAL VELOCITY POTENTIAL JUMP AT VORTEX SHEET 



NUMERICAL APPROACH 


O 

LU 

CL 

0- 

< 


^ Vj> 

F t 
< ^ 

si 

<1 

UJ < 

5 s 


LL 

LU 

> 

X 
LU N 


o 

O 

O 

I- 


0 

z 

o 

o 
■ ■ 

0 

z 

o 

I- 

< 




o 

Q 


q 

LU 


< 

o 

0 |< 7 > 


X 

LU 

> 

o 

0 


o 

DC 

LL 


N N N 

>: ^ 

JS ^ iS 

ST Vj> 

II II II 


LU 

2 

LU 

I 

O 

0 

0 

z 

o 

z 

LU 

DC 

LU 

LL 

LL 

Q 

< 

I- 

< 

0. 

0 


LU 

H 

< 

DC 

D 

O 

O 

< 

DC 

LU 

O 

DC 

O 

I 

o 

z 

o 

o 

LU 

0 

0 

z 

o 

z 

LU .. 

si 

to 

Ofl. 
<° 
H 


DC 

LU 

H 


O 

I- 

D 

-I 

O 

0 

< 

0 


= 0 


ii 

DC 
3 LU 
DC Q 
LU DC 
OO 

M 

ho 

go 

DC |jj 
LL 0 


UJ w 

OH- 

u !2 

»i 

Ox 

0 LU 
EDO. 

00 

A A 


do 

T- lulu 

E|j 

S§ Q 

00 


0 


_ u- = 

Z <UJ 0 


I >; 

"j LU UJ 

<Z J 

mO (5 

o 0 i 

LUO^ 
d(5< 
3 i: lu 

iu 5E i— 
200 
Ell uj 


O 

0 

t 

o 


LU 

m 

LU 

X 

o 

0 

z 

o 

I- 

< 

x 

UJ 


— o 




26 

5°. 

05 

to 

Q LU 
CD 


LL 

CM 

LL 

< 


X 
^LU 
<1 
o t 

LU O 
0. Z 
0 < 


UJ 

Z 

< 

-J 

a. 

>- 

x 

h 

UJ 


>- 

0 

o 

z 

< 

UJ 

O 

< 

X 

X 

3 

0 

0 


0 

z 

o 


o 

o 

>- 

X 

< 

a 


< 

>- 

o 

z 

UJ 

0 

z 

< 

I- 


A A 


o 

0 


A A A A 


OUTER BOUNDARY FIXED AT FREESTREAM 
ZERO-SLOPE ON CORRECTION AT OUTFLOW 
USUAL VELOCITY POTENTIAL JUMP AT VORTEX SHEET 


<0 

HI 

X 





O 

O 



< 

< 

X 

LU 



h- 

< 

Q CO 
UJ LU 
CO O 

= 2 

<s 

I- \- 

z z 

LU — 
I- □ 

px 

°- o 

Bs 

3 | 

UJ X 

> o 


uj O 

o x 

Z U- 
Q 
UJ 
I- 

5 


X 

Li. 

I- 

< 


CO 

UJ 

D 

_l 

< 

> 

>- 

CO 

z 

UJ 

o 


o 

0- „ 

< oc 

X o 

h E 


X 

UJ 


UJ 


CO z 

ZQ 

25 


■ 





■ 

HI 

■ 

■ 

■ 

■ 








■ 

■ 

■ 












■ 

■ 







■ 






■ 

■ 



■ 




■ 


■ 




■ 

■ 



■ 










■ 

■ 



El 






■ 




■ 

■ 



■ 


s 


m 

A 






i 

■ 



f 






■ 

■ 



t 




■ 




■ 

■ 





■ 




■ 

■ 


s 

m 





■ 

■ 


1 

HI 





■ 

■ 


1 

■ 

■ 



■ 

■ 


1 


_l < 

O - 1 

co 59 

LU O 

2 z 

z D 

UJ Q 
□ m 
h- ° 

<2 

-r < 


0) 

I- 


O 

x 

q 

x 


u. 

UJ 

X 

< 

CO 

UJ 

Q 

o 


CO 

H 


UJ 

O 

z 

X 


= Q 


O 

X 

Q 

-I 

UJ 


I- 

< 


< 

UJ 

_i 

O 

x 

I- 

< 

o 

II 

X 


UJ 

Q 

< 

2 

CO 


< 

O 

x 

Q 

O 


O £D 


>- 

< 

X 

X 

< 


< < 
_J _l 
CD CD 


CO 

< 

CO 

UJ 

2 

UJ 

X 

o 

CO 


fr O 


>- 
< 
CO X 
t= X 

z < 

p * 

Q- z 

< 

CD 


I- 

< 

X 

UJ 

I- 

” UJ 
Q l- 
z < 

<x 

-j X 

< o 

I— x 

< D. 
X X 
CO < 



FRINGE POINT UPDATE PROCEDURE 

(TWO-ZONE GRID) 
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NEW BC FRINGE POINT VALUES ARE FELT BY EACH GRID POINT IN 
MATRIX INVERSION, AND THUS, SCHEME’S IMPLICITNESS IS GREATLY 
IMPROVED 
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EXPANDED VIEW OF THREE-ZONE GRID 

Hinson-Burdges wing B mid-mounted onto a 
blunt-nose cylindrical-cross-section body 




PRESSURE COMPARISONS SHOWING EFFECT 
OF FUSELAGE ON WING SURFACE SOLUTION 

= 0 . 88 , a = 2 . 4 °. 
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PRESSURE COMPARISONS SHOWING 
EFFECT OF GRID REFINEMENT 
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SURFACE PRESSURE COMPARISONS 

HYBRID SCHEME, ONERA M6 WING 

M oa = 0.92, a = 1.0° 
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NORMALIZED AXIAL DISTANCE, X/C 



MACH NUMBER CONTOURS 

WING-ROOT SYMMETRY PLANE 
BOTH INNER AND OUTER SOLUTIONS DISPLAYED 
HYBRID SCHEME, ONERA M6 WING 



MACH NUMBER CONTOURS 

WING-ROOT SYMMETRY PLANE 
ONLY INNER SOLUTION DISPLAYED 
HYBRID SCHEME, ONERA M6 WING 



DONOR CELL SEARCH STATISTICS 

RAE WING A WITH B2 FUSELAGE 
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FUSELAGE SURFACE PRESSURE COMPARISONS 

RAE WING A + BODY B2, = 0 . 82 , a = 2 ° 
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MACH NUMBER CONTOURS 

UPPER WING SURFACE REMOVED 





COMPUTATIONAL STATISTICS 

NEW FRINGE POINT UPDATING 



Plotable accurac 
M FLOPS rate (est) 
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CONVERGENCE FOR WING/BODY/NACELLE CASES 


